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CMOS IMAGE SENSOR STRUCTURE WITH
CROSSTALK IMPROVEMENT

BACKGROUND

5
Semiconductor image sensors are operated to sense light.

Typically, the semiconductor image sensors include comple-
mentary metal-oxide-semiconductor (CMOS) 1image sensors
(CIS) and charge-coupled device (CCD) sensors, which are
widely used 1n various applications such as digital still
camera (DSC), mobile phone camera, digital video (DV)
and digital video recorder (DVR) applications. These semi-
conductor 1mage sensors utilize an array ol image sensor
clements, each 1mage sensor element including a photodiode
and other elements, to absorb light and convert the sensed
light into digital data or electrical signals. 15
Front side illuminated (FSI) CMOS 1mage sensors and
back side illuminated (BSI) CMOS image sensors are two
types of CMOS mmage sensors. The FSI CMOS image
sensors are operable to detect light projected from their front
side while the BSI CMOS image sensors are operable to 29
detect light projected from their backside. The BSI CMOS
image sensors can shorten optical paths and increase fill
factors to improve light sensitivity per unmit area and quan-
tum efliciency, and can reduce cross talk and photo response
non-uniformity. Hence, the image quality of the CMOS 25
image sensors can be significantly improved. Furthermore,
the BSI CMOS 1mage sensors have high chief ray angles,

which allow shorter lens heights to be implemented, so that
thinner camera modules are achieved. Accordingly, the BSI
CMOS image sensor technology is becoming a mainstream 3Y
technology.

However, conventional BSI CMOS 1mage sensors and
methods of fabricating the BSI CMOS 1mage sensors have
not been entirely satisfactory in every aspect.

10

35
BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with 40
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarty of
discussion.

FIG. 1 1s a schematic cross-sectional view of a semicon- 45
ductor device in accordance with various embodiments.

FIG. 2 1s a schematic cross-sectional view of a semicon-
ductor device 1n accordance with various embodiments.

FIG. 3A through FIG. 3] are schematic cross-sectional
views ol intermediate stages showing a method for manu- 350
facturing a semiconductor device in accordance with various
embodiments.

FIG. 4 1s a flow chart of a method for manufacturing a
semiconductor device 1n accordance with various embodi-
ments. 55

FIG. 5A through FIG. SH are schematic cross-sectional
views ol mtermediate stages showing a method for manu-

facturing a semiconductor device in accordance with various
embodiments.

FIG. 6 1s a flow chart of a method for manufacturing a 60
semiconductor device 1 accordance with various embodi-
ments.

DETAILED DESCRIPTION

65

The following disclosure provides many different
embodiments, or examples, for implementing different fea-

2

tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
contact, and may also include embodiments 1n which addi-
tional features may be formed between the first and second
teatures, such that the first and second features may not be
in direct contact.

Terms used herein are only used to describe the specific
embodiments, which are not used to limit the claims
appended herewith. For example, unless limited otherwise,
the term “one” or “the” of the single form may also represent
the plural form. The terms such as “first” and *“‘second” are
used for describing various devices, areas and layers, etc.,
though such terms are only used for distinguishing one
device, one area or one layer from another device, another
area or another layer. Therefore, the first area can also be
referred to as the second area without departing from the
spirit of the claimed subject matter, and the others are
deduced by analogy. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not 1n 1itself dictate a relationship between
the various embodiments and/or configurations discussed.
As used herein, the term “and/or’ includes any and all
combinations of one or more of the associated listed 1tems.

In a typical BSI CMOS 1mage sensor, a metal grid 1s
disposed on a device layer, and a passivation layer 1s needed
to cover the metal grid for separating the metal grid from
color filters, so as to prevent the color filters from corroding
the metal grid. Then, the color filters are disposed on a flat
top surface of the passivation layer side by side. However,
any two adjacent color filters overlap with each other, thus
causing crosstalk. In addition, the existence of the passiva-
tion layer increases the thickness of the BSI CMOS 1mage
sensor and an optical path of the BSI CMOS 1mage sensor,
and the passivation layer does not have light confinement
ability and forms an optical crosstalk path, thus further
worsening optical crosstalk of the BSI CMOS 1mage sensor.
A buried color filter array (BCFA) structure 1s introduced to
reduce the optical path of the BSI CMOS i1mage sensor.
However, the color filters cover the passivation layer and the
metal grid, and protruding portions of the color filters are
arranged side by side, thus causing crosstalk.

Embodiments of the present disclosure are directed to
providing a semiconductor device and a method for manu-
facturing the semiconductor device, 1n which various retlec-
tive structures extend from a device layer to a substrate
underlying the device layer; a dielectric grid layer 1s directly
disposed on a metal grid layer to form a composite grid
structure on the reflective structures; a passivation layer
conformally covers the composite grid structure; and color
filters f1ll cavities of the composite grid structure, such that
the color filters are located closer to a device layer than color
filters of a conventional BSI CMOS image sensor, thereby
reducing optical paths from the color filters to the device
layer and enhancing quantum efliciency of the semiconduc-
tor device. Furthermore, because there 1s no additional layer
disposed between the metal grid layer and the dielectric grnid
layer, and the reflective structures pass through the device
layer, light 1s effectively blocked from diflusing to adjacent
photoelectric devices by the composite grid structure and the
reflective structures, thereby enhancing imaging perfor-
mance of the semiconductor device.
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In addition, the dielectric grid layer and the metal grid
layer can be formed by using one single etching process, and
thus a process window can be enlarged. Moreover, top
surfaces of the color filters are elevated at the same level
with a top of the passivation layer, such that the color filters
do not overlap with one another, thereby further reducing a
crosstalk effect of the semiconductor device and enhancing
the performance of the semiconductor device. The dielectric
orid layer 1s adjustable for different color filter materials
because the color filters fully fill the cavities of the com-
posite grid structure.

FIG. 1 1s schematic cross-sectional view of a semicon-
ductor device 1n accordance with various embodiments. In
some embodiments, a semiconductor device 100 1s a CMOS
image sensor device, which may be operated for sensing
incident light 101. The semiconductor device 100 has a front
side 103 and a back side 105. In some examples, the
semiconductor device 100 1s a BSI CMOS 1mage sensor
device, which 1s operated to sense the incident light 101
projected from 1ts back side 105.

As shown in FIG. 1, the semiconductor device 100
includes a substrate 102, a device layer 104, an anti-
reflective coating layer 106, various reflective structures
108, a composite grid structure 110, a passivation layer 112
and various color filters such as color filters 114a, 1145 and
114¢. The substrate 102 1s a semiconductor substrate, and
may be composed of a single-crystalline semiconductor
material or a compound semiconductor material. For
example, silicon, germanium or glass may be used as a
material of the substrate 102.

The device layer 104 1s disposed on the substrate 102. In
some examples, a material of the device layer 104 includes
silicon. For example, the material of the device layer 104
may include epitaxial silicon. Referring to FIG. 1 again,
various trenches 116 are formed 1n the device layer 104 and
the substrate 102. Each of the trenches 116 extends from a
top of the device layer 104 to the substrate 102. In some
examples, each of the trenches 116 1s a deep trench. The
trenches 116 divide the device layer 104 into various pho-
toelectric devices 104q, 1045 and 104¢, in which the
trenches 116 separate the photoelectric devices 104a, 1045
and 104¢ from each other. In some examples, the photo-
clectric devices 104a, 1045 and 104¢ are photodiodes.

As shown 1n FIG. 1, the anti-reflective coating layer 106
conformally covers the device layer 104, the substrate 102
and the trenches 116. The anti-retlective coating layer 106 1s
coniigured to prevent the light from diffusing to the adjacent
photoelectric devices 104a, 1045 and 104c¢. For example, the
anti-reflective coating layer 106 may be formed from silicon
oxide.

The retlective structures 108 are disposed on the anti-
reflective coating layer 106 and fill the trenches 116 respec-
tively. The reflective structures 108 may be formed from
metal or dielectric material. In some exemplary examples,
the retlective structures 108 are formed from the dielectric
matenal, and each of the retlective structures 108 1s a deep
trench 1solation (DTI) structure. For example, each of the
reflective structures 108 may have a height ranging from
about 0.1 micrometer to about 2.5 micrometer.

In some examples, as shown 1n FIG. 1, the semiconductor
device 100 may optionally imnclude a bufler layer 128. The
bufler layer 128 1s disposed on the anti-retlective coating
layer 106 and the reflective structures 108, and 1s located
between the anti-retlective coating layer 106 and the com-
posite grid structure 110. The butfler layer 128 1s suitable for
use 1n increasing the adhesion between the composite grid
structure 110 and the anti-retlective coating layer 106. For
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4

example, the buller layer 128 may be formed form a
dielectric layer, such as silicon dioxide.

The composite grid structure 110 1s disposed on the builer
layer 128, and overlies the anti-retlective coating layer 106
and the reflective structures 108. As shown 1n FIG. 1, the
composite grid structure 110 covers the reflective structures
108 correspondingly. The composite grid structure 110
includes various cavities 130 which are formed in the
composite grid structure 110 and pass through the composite
orid structure 110, such that the cavities 130 may expose
portions of the bufler layer 128. In some examples, each
cavity 130 has a cross section 1n a shape of trapezoid. In
certain examples, each cavity 130 has a cross section 1n a
shape of rectangle. The cavities 130 may be periodically
arranged. A pitch between the cavities 130, a depth, a length
and a width of each cavity 130 may be modified according
to requirements ol the semiconductor device 100.

In some examples, the composite grid structure 110
includes a metal grid layer 118 and a dielectric grid layer
120. The metal grid layer 118 1s disposed on the builer layer
128, and the dielectric grid layer 120 1s stacked on the metal
orid layer 118. The metal grid layer 118 and the dielectric
orid layer 120 are stacked on the reflective structures 108
sequentially. As shown in FIG. 1, the metal grnid layer 118 1s
separated from the reflective structures 108 by the builer
layer 128. The cavities 130 sequentially pass through the
dielectric grid layer 120 and the metal gnid layer 118. In
some examples, the metal grid layer 118 1s formed from
metal or a metal alloy, such as tungsten or an aluminum-
copper alloy. The metal grid layer 118 and the reflective
structures 108 may be formed from the same material, or
may be formed form different materials. For example, the
metal grid layer 118 may have a thickness 132 ranging from
about 500 angstrom to about 5000 angstrom. In some
examples, the dielectric grid layer 120 i1s formed from
silicon oxide, silicon nitride or silicon oxynitride.

Referring to FIG. 1 again, the passivation layer 112
conformally covers the composite grid structure 110, such
that the passivation layer 112 covers the portions of the
bufler layer 128 exposed by the cavities 130. The passiva-
tion layer 112 1s suitable for use 1in protecting the composite
orid structure 110 from being corroded by the color filters
114a, 1145 and 114¢. In some examples, the passivation
layer 112 1s formed from silicon oxide, silicon nitride or
s1licon oxynitride.

The color filters 114a, 1145 and 114c¢ are disposed on the
passivation layer 112 and respectively {ill the cavities 130 of
the composite grid structure 110. The color filters 114a, 1145
and 114¢ may be arranged sequentially. In some exemplary
examples, the color filters 114a, 1145 and 114¢ includes red
color filters, blue color filters and green color filters. In some
examples, as shown 1 FIG. 1, top surfaces 122a, 1225 and
122c¢ of the color filters 114a, 11456 and 114c¢ are elevated at
the same level with a top 124 of the passivation layer 112.

In some examples, as shown 1n FIG. 1, the semiconductor
device 100 may optionally include various micro lenses
126a, 1266 and 126¢. The micro lenses 126a, 1265 and 126¢
respectively cover the top surfaces 122a, 1225 and 122¢ of
the color filters 114a, 1145 and 114c.

The dielectric grid layer 120 1s directly disposed on the
metal grid layer 118 to form the composite grid structure
110, and the color filters 1144, 1145 and 114¢ fill the cavities
130 of the composite grid structure 110, such that the color
filters 114a, 11456 and 114¢ are located closer to the device
layer 104 than color filters of a conventional semiconductor
device, thereby resulting in shorter optical paths from the

color filters 114a, 1145 and 114c¢ to the device layer 104
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underlying the cavities 130, thus enhancing quantum efli-
ciency of the semiconductor device 100. Furthermore, there
1s no additional layer disposed between the metal grid layer
118 and the dielectric grid layer 120, and the reflective
structures 108 pass through the device layer 104, such that
light 1s etl

ectively blocked from diffusing to adjacent pho-
toelectric devices 104a, 10456 and 104¢ by the composite
orid structure 110 and the reflective structures 108, thereby
enhancing 1maging performance ol the semiconductor

device 100. Moreover, the top surfaces 122a, 1225 and 122c¢
of the color filters 1144, 1146 and 114c¢ are elevated at the
same level with the top 124 of the passivation layer 112,
such that the color filters 114a, 1145 and 114¢ can be
ellectively separated from each other by the composite grid
structure 110 and the passivation layer 112, and the color
filters 114a, 1146 and 114¢ do not overlap with one another,
thereby further reducing a crosstalk effect of the semicon-
ductor device 100 and enhancing the performance of the
semiconductor device 100.

FIG. 2 1s schematic cross-sectional view ol a semicon-
ductor device 1n accordance with various embodiments. In
some embodiments, a semiconductor device 200 1s a CMOS
image sensor device, which may be operated for sensing
incident light 201. The semiconductor device 200 has a front
side 203 and a back side 205. In some examples, the
semiconductor device 200 1s a BSI CMOS 1mage sensor
device, which 1s operated to sense the incident light 201
projected from 1ts back side 205.

As shown in FIG. 2, the semiconductor device 200
includes a substrate 202, a device layer 204, an anti-
reflective coating layer 206, various reflective structures
208, a composite grid structure 210, a passivation layer 212
and various color filters such as color filters 214a, 21456 and
214¢. The substrate 202 1s a semiconductor substrate, and
may be composed of a single-crystalline semiconductor
material or a compound semiconductor material. For
example, silicon, germanium or glass may be used as a
material of the substrate 202.

The device layer 204 1s disposed on the substrate 202. In
some examples, a material of the device layer 204 includes
s1licon, such as epitaxial silicon. Referring to FIG. 2 again,
various trenches 216 are formed 1n the device layer 204 and
the substrate 202. Each of the trenches 216 extends from a
top of the device layer 204 to the substrate 202. In some
examples, each of the trenches 216 1s a deep trench. The
trenches 216 divide the device layer 204 into various pho-
toelectric devices 204q, 2045 and 204¢, in which the
trenches 216 separate the photoelectric devices 204a, 2045
and 204¢ from each other. In some examples, the photo-
clectric devices 204a, 204b and 204¢ are photodiodes.

As shown 1 FIG. 2, the anti-reflective coating layer 206
conformally covers the device layer 204, the substrate 202
and the trenches 216. The anti-reflective coating layer 106 1s
configured to prevent the light from diffusing to the adjacent
photoelectric devices 204a, 2045 and 204¢. For example, the
anti-reflective coating layer 206 may be formed from silicon
oxide.

The reflective structures 208 are disposed on the anti-
reflective coating layer 206 and fill the trenches 216 respec-
tively. The reflective structures 208 may be formed from
metal or dielectric matenial. In some exemplary examples,
the reflective structures 208 are formed from the dielectric
material, and each of the retlective structures 208 1s a deep
trench 1solation structure. For example, each of the reflective
structures 208 may have a height ranging from about 0.1
micrometer to about 2.5 micrometer.
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The composite grid structure 210 1s disposed on the
anti-reflective coating layer 206 and the reflective structures
208. As shown 1n FIG. 2, the composite grid structure 210
covers the reflective structures 208 correspondingly. The
composite grid structure 210 includes various cavities 228
which are formed 1n the composite grid structure 210 and
pass through the composite grid structure 210, such that the
cavities 228 may expose portions of the anti-reflective
coating layer 206. In some examples, each cavity 228 has a
cross section in a shape of trapezoid. In certain examples,
cach cavity 228 has a cross section 1n a shape of rectangle.
The cavities 228 may be periodically arranged. A pitch
between the cavities 228, a depth, a length and a width of
cach cavity 130 may be modified according to requirements
of the semiconductor device 200.

In some examples, the composite gnd structure 210
includes a metal grid layer 218 and a dielectric gnid layer
220. The metal gnid layer 218 1s disposed on the anti-
reflective coating layer 206 and the reflective structures 208.
In some exemplary examples, the metal gnd layer 218 and
the reflective structures 208 are formed simultaneously and
are integrated, such that the metal grid layer 218 directly
contacts with the reflective structures 208. The metal grid
layer 218 and the retlective structures 208 are formed from
the same material. The dielectric grid layer 220 1s stacked on
the metal grid layer 218. The cavities 228 sequentially pass
through the dielectric grid layer 220 and the metal grid layer
218. In some examples, the metal grid layer 218 and the
reflective structures 208 are formed from metal or a metal
alloy, such as tungsten or an aluminum-copper alloy. For
example, the metal grid layer 218 may have a thickness 230
ranging from about 500 angstrom to about 5000 angstrom.
In some examples, the dielectric gnd layer 220 1s formed
from silicon oxide, silicon nitride or silicon oxymitride.

Referring to FIG. 2 again, the passivation layer 212
conformally covers the composite grid structure 210, such
that the passivation layer 212 covers the portions of the
anti-reflective coating layer 206 exposed by the cavities 228.
The passivation layer 212 1s suitable for use 1n protecting the
composite grid structure 210 from being corroded by the
color filters 214a, 214b and 214¢. In some examples, the
passivation layer 212 1s formed from silicon oxide, silicon
nitride or silicon oxynitride.

The color filters 214a, 2145 and 214c¢ are disposed on the
passivation layer 212 and respectively fill the cavities 228 of
the composite grid structure 210. The color filters 214a,
214b and 214c¢ may be arranged sequentially. In some
exemplary examples, the color filters 214a, 2145 and 214c¢
includes red color filters, blue color filters and green color
filters. In some examples, as shown 1n FIG. 2, top surfaces
222a, 2225 and 222¢ of the color filters 214a, 2145 and 214c¢
are elevated at the same level with a top 224 of the
passivation layer 212.

In some examples, as shown 1n FIG. 2, the semiconductor
device 200 may optionally include various micro lenses
226a, 2265 and 226¢. The micro lenses 226a, 2265 and 226¢
respectively cover the top surfaces 222a, 2225 and 222¢ of
the color filters 214a, 2145 and 214c.

The dielectric grid layer 220 1s directly disposed on the
metal grid layer 218 to form the composite grid structure
210, and the color filters 214a, 2145 and 214 ¢ fill the cavities
228 of the composite grid structure 210, such that the color
filters 214a, 214H and 214c¢ are located closer to the device
layer 204 than color filters of a conventional semiconductor
device, thereby resulting in shorter optical paths from the
color filters 214a, 214b and 214c¢ to the device layer 204

underlying the cavities 228, thus enhancing quantum efli-
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ciency ol the semiconductor device 200. In addition, the
dielectric grid layer 220 directly stacks on the metal gnid
layer 218, and the reflective structures 208 pass through the
device layer 204, such that light 1s effectively blocked from
diffusing to adjacent photoelectric devices 204a, 2045 and
204¢ by the composite grid structure 210 and the reflective
structures 208, thereby enhancing imaging performance of
the semiconductor device 200. Moreover, the top surfaces
222a,222b and 222¢ of the color filters 214a, 2145 and 214c¢
are elevated at the same level with the top 224 of the
passivation layer 212, such that the color filters 214a, 2145
and 214c¢ can be effectively separated from each other by the
composite grid structure 210 and the passivation layer 212,
and the color filters 214a, 2145 and 214¢ do not overlap with
one another, thereby further reducing a crosstalk eflect of the
semiconductor device 200 and enhancing the performance
of the semiconductor device 200.

FIG. 3A through FIG. 3] are schematic cross-sectional
views of mtermediate stages showing a method for manu-
facturing a semiconductor device in accordance with various
embodiments. As shown in FIG. 3A, a substrate 300 1s
provided. The substrate 300 i1s a semiconductor substrate,
and may be composed of a single-crystalline semiconductor
material or a compound semiconductor material. For
example, silicon, germanium or glass may be used as a
material of the substrate 300.

Referring to FIG. 3A again, a device layer 302 1s formed
on the substrate 300 by using, for example, a deposition
technique, an epitaxial technique or a bonding technique. In
some examples, the operation of forming the device layer
302 includes forming the device layer 302 from silicon. For
example, the device layer 302 may be formed from epitaxial
silicon.

As shown 1n FIG. 3B, various trenches 304 are formed 1n
the device layer 302 and the substrate 300. In some
examples, the operation of forming the trenches 304 1is
performed to form various deep trenches. The operation of
torming the trenches 304 includes removing a portion of the
device layer 302 and a portion of the substrate 300 which
underlies the portion of the device layer 302, such that each
of the trenches 304 extends from the device layer 302 to the
substrate 300. In some exemplary examples, the operation of
forming the trenches 304 1s performed by using a photo-
lithograph process and an etching process. For example, the
ctching process may be a dry etching process or a wet
ctching process. After the operation of forming the trenches
304, the device layer 302 1s divided into various photoelec-
tric devices 3024, 3025 and 302c¢, 1n which the trenches 304
separate the photoelectric devices 302a, 3026 and 302¢ from
cach other. In some examples, the photoelectric devices
302a, 302) and 302c¢ are photo diodes.

As shown 1n FIG. 3C, an anti-reflective coating layer 306
1s formed to conformally cover the device layer 302, the
substrate 300 and the trenches 304. The anti-retlective
coating layer 306 1s formed to cover the photoelectric
devices 302a, 3025 and 302¢. The operation of forming the
anti-reflective coating layer 306 may be performed by using
a deposition technique, such as a chemical vapor deposition
(CVD) technique. The anti-reflective coating layer 306 may
be formed from silicon oxide.

As shown 1n FIG. 3D, various reflective structures 308 are
formed on the anti-retlective coating layer 306 in the
trenches 304 by using a deposition technique, such as a
chemical vapor deposition technique, a physical vapor depo-
sition (PVD) techmique or a plasma-enhanced chemical
vapor deposition (PECVD) technique. The operation of
forming the reflective structures 308 includes forming the
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reflective structures 308 filling the trenches 304 respectively.
The retlective structures 308 may be formed from metal or
dielectric material. In some exemplary examples, the retflec-
tive structures 308 are formed from the dielectric matenal,
and each of the reflective structures 308 1s formed to be a
deep trench 1solation structure. For example, each of the
reflective structures 308 may be formed to have a height
ranging from about 0.1 micrometer to about 2.5 micrometer.

In some examples, as shown 1n FIG. 3E, a bufler layer 310
may be optionally formed on and covering the anti-reflective
coating layer 306 and the reflective structures 308. The
operation of forming the bufler layer 310 may be performed
by using a deposition technique, such as a chemical vapor
deposition technique. For example, the bufler layer 310 may
be formed form a dielectric layer, such as silicon dioxide.

Referring to FIG. 3F and FIG. 3G simultaneously, a
composite structure 316 1s formed on the bufler layer 310
over the anti-reflective coating layer 306 and the reflective
structures 308. In some examples, the operation of forming
the composite structure 316 includes forming a metal layer
312 to cover the bufler layer 310 over the anti-reflective
coating layer 306 and the reflective structures 308, as shown
in FIG. 3F. The metal layer 312 1s formed from metal or
metal alloy, such as tungsten or aluminum-copper alloy. The
metal layer 312 and the reflective structures 308 may be
formed from the same material, or may be formed form
different materials. In addition, the operation of forming the
reflective structures 308 and the operation of forming the
metal layer 312 are performed by using different deposition
processes. The metal layer 312 may be formed by using, for
example, a chemical vapor deposition technique or a physi-
cal vapor deposition techmique. In some exemplary
examples, the metal layer 312 1s formed to have a thickness
312a ranging from about 500 angstrom to about 5000
angstrom. The operation of forming the composite structure
316 further includes forming a dielectric layer 314 stacked
on the metal layer 312, as shown 1n FIG. 3G. The dielectric
layer 314 may be formed from silicon oxide, silicon nitride
or silicon oxynitride, for example. The dielectric layer 314
may be formed by using, for example, a chemical vapor
deposition technique.

Reterring to FIG. 3G and FIG. 3H simultaneously, various
cavities 318 are formed in the composite structure 316, so as
to complete a composite grid structure 324. For example, the
operation of forming the cavities 318 may be performed by
using a photolithography process and an etching process.
The operation of forming the cavities 318 includes removing
a portion of the dielectric layer 314 and a portion of the
metal layer 312 of the composite structure 316, to respec-
tively form a dielectric grid layer 322 and a metal grid layer
320 and to expose portions of the bufler layer 310. The
cavities 318 pass through the composite structure 316, and
correspondingly expose the portions of the bufler layer 310
overlying the photoelectric devices 302a, 3026 and 302c.
The dielectric gnid layer 322 1s formed to stack on the metal
orid layer 320 to form the composite grid structure 324, 1n
which the composite grid structure 324 1s formed to cover
the trenches 304 and the retlective structures 308. In some
examples, as shown 1 FIG. 3H, each cavity 318 1s formed
to have a cross section 1n a shape of trapezoid. In certain
examples, each cavity 318 1s formed to have a cross section
in a shape of rectangle. The cavities 318 may be periodically
arranged.

In some exemplary examples, the operation of removing,
the portion of the dielectric layer 314 and the portion of the
metal layer 312 1s performed by using one single etching
process, such that a process window can be enlarged. In
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certain examples, the operation of removing the portion of
the dielectric layer 314 and the portion of the metal layer 312
1s performed by using different etching processes, and the
dielectric grid layer 322 can be used as an etching hard mask
in the operation of etching the portion of the metal layer 312.

As shown 1n FIG. 31, a passivation layer 326 1s formed to
conformally cover the composite grid structure 324, such
that the passivation layer 326 covers the portions of the
butler layer 310 exposed by the cavities 318. The operation
of forming the passivation layer 326 may be performed by
using, for example, a chemical vapor deposition technique
or a physical vapor deposition technique. In some examples,
the passivation layer 326 1s formed from silicon oxide,
silicon nitride or silicon oxynitride.

As shown 1n FIG. 3], various color filters 328a, 3285 and
328¢ are formed on the passivation layer 326 and respec-
tively filling the cavities 318. The color filters 328a, 32856
and 328c¢ may be arranged sequentially. In some exemplary
examples, the color filters 328a, 3285 and 328¢ are formed
to 1include red color filters, blue color filters and green color
filters. In some examples, the operation of forming the color
filters 328a, 3286 and 328c¢ is performed to form the color
filters 328a, 32856 and 328c¢ respectively having top surfaces
330a, 3306 and 330c, 1n which the top surfaces 330a, 3305
and 330c¢ are elevated at the same level with a top 332 of the
passivation layer 326. The color filters 328a, 3285 and 328¢
are formed 1n the cavities 318, such that a thickness of the
dielectric grid layer 322 1s tunable according to height
requirements of the color filters 3284, 3285 and 328c.

Referring to FIG. 3] again, various micro lenses 334a,
334H and 334¢ may be optionally formed to cover the top
surfaces 330q, 3305 and 330c¢ of the color filters 328a, 3285
and 328c¢ respectively, so as to complete a semiconductor
device 336.

Referring to FI1G. 4 with FIG. 3A through FIG. 3], FIG.
4 1s a flow chart of a method for manufacturing a semicon-
ductor device 1n accordance with various embodiments. The
method begins at operation 400, where a substrate 300 1s
provided. At operation 402, a device layer 302 1s formed on
the substrate 300, as shown 1n FIG. 3A. The operation of
forming the device layer 302 may be performed using, for
example, a deposition technique, an epitaxial technique or a
bonding technique.

At operation 404, as shown 1n FIG. 3B, various trenches
304 are formed 1n the device layer 302 and the substrate 300
by using a photolithograph process and an etching process.
For example, the etching process may be a dry etching
process or a wet etching process. In some examples, the
operation of forming the trenches 304 1s performed to form
various deep trenches. The operation of forming the trenches
304 includes removing a portion of the device layer 302 and
a portion of the substrate 300 which underlies the portion of
the device layer 302, such that each of the trenches 304
extends from the device layer 302 to the substrate 300. After
the operation of forming the trenches 304, the device layer
302 1s divided 1nto various photoelectric devices 302q, 3025
and 302c¢, 1n which the trenches 304 separate the photoelec-
tric devices 302a, 30256 and 302¢ {from each other.

At operation 406, as shown 1n FIG. 3C, an anti-reflective
coating layer 306 1s formed to conformally cover the device
layer 302, the substrate 300 and the trenches 304 by using
a deposition technique, such as a chemical vapor deposition
technique. The anti-reflective coating layer 306 1s formed to
cover the photoelectric devices 302a, 3025 and 302c.

At operation 408, as shown in FIG. 3D, various retlective
structures 308 are formed on the anti-retlective coating layer
306 in the trenches 304 by using a deposition techmique,

10

15

20

25

30

35

40

45

50

55

60

65

10

such as a chemical vapor deposition technique, a physical
vapor deposition technique or a plasma-enhanced chemical
vapor deposition techmque. The operation of forming the
reflective structures 308 includes forming the reflective
structures 308 filling the trenches 304 respectively. In some
exemplary examples, each of the reflective structures 308 1s
formed to be a deep trench 1solation structure. For example,
cach of the reflective structures 308 may be formed to have
a height ranging from about 0.1 micrometer to about 2.5
micrometer. As shown in FIG. 3E, a bufler layer 310 may be
optionally formed on and covering the anti-retlective coating
layer 306 and the reflective structures 308 by using a
deposition technique, such as a chemical vapor deposition
technique.

At operation 410, referring to FIG. 3F and FIG. 3G
simultaneously, a composite structure 316 1s formed on the
bufler layer 310 over the anti-reflective coating layer 306
and the reflective structures 308. In some examples, the
operation of forming the composite structure 316 includes
forming a metal layer 312 to cover the builer layer 310 over
the anti-retlective coating layer 306 and the retlective struc-
tures 308, as shown in FIG. 3F. The metal layer 312 may be
formed by using, for example, a chemical vapor deposition
technique or a physical vapor deposition technique. In some
exemplary examples, the metal layer 312 1s formed to have
a thickness 312a ranging from about 500 angstrom to about
5000 angstrom. As shown in FIG. 3G, the operation of
forming the composite structure 316 further includes form-
ing a dielectric layer 314 stacked on the metal layer 312 by
using, for example, a chemical vapor deposition technique.

At operation 412, referring to FIG. 3G and FIG. 3H
simultaneously, various cavities 318 are formed in the
composite structure 316 by using a photolithography process
and an etching process, so as to complete a composite grid
structure 324. The operation of forming the cavities 318
includes removing a portion of the dielectric layer 314 and
a portion of the metal layer 312 of the composite structure
316 to respectively form a dielectric grid layer 322 and a
metal grid layer 320 and to expose portions of the bufler
layer 310. The cavities 318 correspondingly expose the
portions of the bufler layer 310 overlying the photoelectric
devices 302a, 3026 and 302c¢. The dielectric gnd layer 322
1s formed to stack on the metal grid layer 320 to form the
composite grid structure 324, in which the composite grid
structure 324 1s formed to cover the trenches 304 and the
reflective structures 308.

In some exemplary examples, the operation of removing
the portion of the dielectric layer 314 and the portion of the
metal layer 312 1s performed by using one single etching
process. In certain examples, the operation of removing the
portion of the dielectric layer 314 and the portion of the
metal layer 312 1s performed by using different etching
processes, and the dielectric grid layer 322 can be used as an
etching hard mask in the operation of etching the portion of
the metal layer 312.

At operation 414, as shown 1n FIG. 31, a passivation layer
326 1s formed to conformally cover the composite grid
structure 324, such that the passivation layer 326 1s formed
to cover the portions of the bufler layer 310 exposed by the
cavities 318. The operation of forming the passivation layer
326 may be performed by using, for example, a chemical
vapor deposition technique or a physical vapor deposition
technique.

At operation 416, as shown i FIG. 3], various color
filters 328a, 3286 and 328¢ are formed on the passivation
layer 326 and respectively filling the cavities 318. In some
exemplary examples, the color filters 328a, 3285 and 328c¢
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are formed to include red color filters, blue color filters and
green color filters. In some examples, the operation of
forming the color filters 328a, 3286 and 328¢ 1s performed
to form the color filters 328a, 32856 and 328c¢ respectively
having top surfaces 330a, 3306 and 330c¢, 1n which the top
surfaces 330a, 3305 and 330c¢ are elevated at the same level
with a top 332 of the passivation layer 326. Referring to FIG.
3] again, various micro lenses 334a, 3346 and 334¢ may be
optionally formed to cover the top surfaces 330q, 3305 and
330c of the color filters 328a, 328b and 328c¢ respectively, so
as to complete a semiconductor device 336.

FIG. 5A through FIG. SH are schematic cross-sectional
views ol intermediate stages showing a method for manu-
facturing a semiconductor device in accordance with various
embodiments. As shown in FIG. SA, a substrate 500 1s
provided. The substrate 500 1s a semiconductor substrate,
and may be composed of a single-crystalline semiconductor
material or a compound semiconductor material. For
example, silicon, germanium or glass may be used as a
material of the substrate 500.

Referring to FIG. SA again, a device layer 502 1s formed
on the substrate 500 by using, for example, a deposition
technique, an epitaxial technique or a bonding technique. In
some examples, the operation of forming the device layer
502 includes forming the device layer 502 from silicon. For
example, the device layer 502 may be formed from epitaxial
s1licon.

As shown 1n FIG. 5B, various trenches 504 are formed in
the device layer 502 and the substrate 500. In some
examples, the operation of forming the trenches 504 is
performed to form various deep trenches. The operation of
forming the trenches 504 includes removing a portion of the
device layer 502 and a portion of the substrate 500 which
underlies the portion of the device layer 502, such that each
of the trenches 504 extends from the device layer 502 to the
substrate 500. In some exemplary examples, the operation of
forming the trenches 304 1s performed by using a photo-
lithograph process and an etching process. For example, the
etching process may be a dry etching process or a wet
etching process. After the operation of forming the trenches
504, the device layer 502 1s divided into various photoelec-
tric devices 502a, 5025 and 502¢, 1n which the trenches 504
separate the photoelectric devices 502a, 5025 and 502¢ from
cach other. In some examples, the photoelectric devices
502a, 5025 and 502c¢ are photo diodes.

As shown 1n FIG. 5C, an anti-reflective coating layer 506
1s formed to conformally cover the device layer 502, the
substrate 500 and the trenches 504. The anti-reflective
coating layer 506 1s formed to cover the photoelectric
devices 502a, 5026 and 502¢. The operation of forming the
anti-reflective coating layer 506 may be performed by using
a deposition technique, such as a chemical vapor deposition
technique. The anti-reflective coating layer 506 may be
formed from silicon oxide.

Referring to FIG. 5D and FIG. 5E simultaneously, a
composite structure 314 1s formed on the anti-reflective
coating layer 506. In some examples, the operation of
forming the composite structure 514 includes forming a
metal layer 508 to cover the anti-reflective coating layer 506,
as shown 1n FIG. 5D. A portion of the metal layer 508 fills
the trenches 504 to form various reflective structures 510
respectively 1n the trenches 504. The metal layer 508 1s
formed from metal or metal alloy, such as tungsten or
aluminum-copper alloy. The metal layer 508 may be formed
by using, for example, a chemical vapor deposition tech-
nique or a physical vapor deposition techmque. As shown in
FIG. SE, the operation of forming the composite structure
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514 turther includes forming a dielectric layer 512 stacked
on the metal layer 508. The dielectric layer 512 may be
formed from silicon oxide, silicon nitride or silicon oxyni-
tride, for example. The dielectric layer 312 may be formed
by using, for example, a chemical vapor deposition tech-
nique.

Referring to FIG. S5E and FIG. SF simultaneously, various
cavities 516 are formed 1n the composite structure 514, so as
to complete a composite grid structure 522. For example, the
operation of forming the cavities 516 may be performed by
using a photolithography process and an etching process.
The operation of forming the cavities 516 includes removing
a portion of the dielectric layer 512 and a portion of the
metal layer 508 of the composite structure 514, to respec-
tively form a dielectric grid layer 520 and a metal grid layer
518 and to expose portions of the anti-reflective coating
layer 506. For example, the metal grid layer 518 1s formed
to have a thickness 518a ranging from about 500 angstrom
to about 5000 angstrom. The cavities 516 pass through the
composite structure 514, and correspondingly expose the
portions of the anti-reflective coating layer 506 overlying the
photoelectric devices 502a, 5026 and 3502¢. The dielectric
orid layer 520 1s formed to stack on the metal grid layer 518
to form the composite grid structure 522, in which the
composite grid structure 522 1s formed to cover the trenches
504 and the retlective structures 310. In some examples, as
shown 1n FIG. SF, each cavity 516 1s formed to have a cross
section 1n a shape of trapezoid. In certain examples, each
cavity 516 1s formed to have a cross section 1n a shape of
rectangle. The cavities 516 may be periodically arranged.

In the examples, the reflective structures 510 are the
portion of the metal layer 508 filling the trenches 504, while
the metal grid layer 518 1s the other portion of the metal
layer 508 on the reflective structures 510 and a portion of the
anti-reflective coating layer 306. Thus, the reflective struc-
tures 510 and the metal grid layer 518 are formed from the
same material, and the operation of forming the retlective
structures 310 and the operation of forming the metal grid
layer 518 are performed by using the same deposition
processes, such that the process of forming the reflective
structures 510 and the metal grid layer 518 1s sumplified.

In some exemplary examples, the operation of removing,
the portion of the dielectric layer 512 and the portion of the
metal layer 508 1s performed by using one single etching
process, such that a process window can be enlarged. In
certain examples, referring to FIGS. 5FE and 5F again, the
operation of removing the portion of the dielectric layer 512
and the portion of the metal layer 508 1s performed by using
different etching processes, and the dielectric grid layer 520
can be used as an etching hard mask in the operation of
ctching the portion of the metal layer 508.

As shown 1n FIG. 5G, a passivation layer 524 1s formed
to conformally cover the composite grid structure 522, such
that the passivation layer 524 covers the portions of the
anti-reflective coating layer 506 exposed by the cavities 516.
The operation of forming the passivation layer 524 may be
performed by using, for example, a chemical vapor deposi-
tion technique or a physical vapor deposition technique. In
some examples, the passivation layer 524 1s formed from
silicon oxide, silicon nitride or silicon oxynitride.

As shown 1n FIG. SH, various color filters 5264, 5265 and
526¢ are formed on the passivation layer 524 and respec-
tively filling the cavities 516. The color filters 526a, 5265
and 526c may be arranged sequentially. In some exemplary
examples, the color filters 526a, 5265 and 526c¢ are formed
to nclude red color filters, blue color filters and green color
filters. In some examples, the operation of forming the color
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filters 526a, 5265 and 3526¢ 1s performed to form the color
filters 526a, 5265 and 526c¢ respectively having top surfaces
528a, 528b and 528c, 1n which the top surfaces 528a, 5285b
and 528c are elevated at the same level with a top 530 of the
passivation layer 524. The color filters 526a, 5265 and 526¢
are formed 1n the cavities 516, such that a thickness of the
dielectric grid layer 520 1s tunable according to height
requirements of the color filters 526a, 5265 and 326c.

Referring to FIG. SH again, various micro lenses 532a,
532b and 532¢ may be optionally formed to cover the top
surfaces 528a, 52856 and 528¢ of the color filters 526a, 5265
and 526c¢ respectively, so as to complete a semiconductor
device 534.

Referring to FIG. 6 with FIG. 5A through FIG. SH, FIG.
6 1s a flow chart of a method for manufacturing a semicon-
ductor device 1n accordance with various embodiments. The
method begins at operation 600, where a substrate 500 1s
provided. At operation 602, a device layer 502 1s formed on
the substrate 500, as shown 1 FIG. 5A. The operation of
tforming the device layer 502 may be performed using, for
example, a deposition technique, an epitaxial technique or a
bonding technique.

At operation 604, as shown 1n FIG. 5B, various trenches
504 are formed 1n the device layer 502 and the substrate 500
by using a photolithograph process and an etching process.
For example, the etching process may be a dry etching
process or a wet etching process. In some examples, the
operation of forming the trenches 504 is performed to form
various deep trenches. The operation of forming the trenches
504 1ncludes removing a portion of the device layer 502 and
a portion of the substrate 500 which underlies the portion of
the device layer 502, such that each of the trenches 504
extends from the device layer 502 to the substrate 500. After
the operation of forming the trenches 504, the device layer
502 1s divided 1nto various photoelectric devices 502a, 50256
and 502¢, in which the trenches 504 separate the photoelec-
tric devices 502a, 50256 and 502¢ from each other.

At operation 606, as shown 1n FIG. 5C, an anti-retlective
coating layer 506 1s formed to conformally cover the device
layer 502, the substrate 500 and the trenches 504 by using
a deposition techmique, such as a chemical vapor deposition
technique. The anti-reflective coating layer 506 1s formed to
cover the photoelectric devices 502a, 5026 and 502c.

At operation 608, referring to FIG. 5D and FIG. SE
simultaneously, a composite structure 514 1s formed on the
anti-reflective coating layer 506. In some examples, as
shown 1n FIG. 5D, the operation of forming the composite
structure 514 includes forming a metal layer 508 to cover the
anti-reflective coating layer 506 by using, for example, a
chemical vapor deposition technique or a physical vapor
deposition technique. A portion of the metal layer 508 fills
the trenches 504 to form various reflective structures 510
respectively 1n the trenches 504. As shown 1n FIG. 5E, the
operation of forming the composite structure 514 further
includes forming a dielectric layer 512 stacked on the metal
layer 508 by using, for example, a chemical vapor deposi-
tion technique.

At operation 610, referring to FIG. SE and FIG. 5F
simultaneously, various cavities 516 are formed in the
composite structure 514 by using a photolithography process
and an etching process, so as to complete a composite grid
structure 522. The operation of forming the cavities 516
includes removing a portion of the dielectric layer 512 and
a portion of the metal layer 508 of the composite structure
514, to respectively form a dielectric grid layer 520 and a
metal grid layer 518 and to expose portions of the anti-
reflective coating layer 506. For example, the metal grid
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layer 518 1s formed to have a thickness 518a ranging from
about 500 angstrom to about 5000 angstrom. The cavities
516 pass through the composite structure 514, and corre-
spondingly expose the portions of the anti-retlective coating
layer 506 overlying the photoelectric devices 502a, 5025
and 502c¢. The dielectric grid layer 520 1s formed to stack on
the metal grid layer 518 to form the composite grid structure
522, 1n which the composite grid structure 522 1s formed to
cover the trenches 504 and the reflective structures 510.

In the examples, the reflective structures 510 are the
portion of the metal layer 508 filling the trenches 504, while
the metal grid layer 518 1s the other portion of the metal
layer 508 on the reflective structures 510 and a portion of the
anti-reflective coating layer 306. Thus, the reflective struc-
tures 310 and the metal grid layer 518 are formed from the
same material, and the operation of forming the retlective
structures 310 and the operation of forming the metal grid
layer 518 are performed by using the same deposition
Processes.

In some exemplary examples, the operation of removing,
the portion of the dielectric layer 512 and the portion of the
metal layer 508 1s performed by using one single etching
process. In certain examples, referring to FIGS. SE and 5F
again, the operation of removing the portion of the dielectric
layer 512 and the portion of the metal layer 508 1s performed
by using different etching processes, and the dielectric grid
layer 520 can be used as an etching hard mask 1n the
operation of etching the portion of the metal layer 508.

At operation 612, as shown in FIG. 3G, a passivation
layer 524 1s formed to conformally cover the composite grid
structure 522, such that the passivation layer 524 covers the
portions of the anti-reflective coating layer 506 exposed by
the cavities 516. The operation of forming the passivation
layer 524 may be performed by using a chemical vapor
deposition technique or a physical vapor deposition tech-
nique.

At operation 614, as shown in FIG. SH, various color
filters 526a, 5266 and 526c¢ are formed on the passivation
layer 524 and respectively filling the cavities 516. In some
exemplary examples, the color filters 526a, 5265 and 526¢
are formed to include red color filters, blue color filters and
green color filters. In some examples, the operation of
forming the color filters 526a, 5265 and 526c¢ 1s performed
to form the color filters 526a, 5265 and 526c¢ respectively
having top surfaces 528a, 52856 and 528c¢, 1n which the top
surfaces 528a, 5285 and 528¢ are elevated at the same level
with a top 530 of the passivation layer 524. Referring to FIG.
5H again, various micro lenses 332a, 3325 and 532¢ may be
optionally formed to cover the top surfaces 528a, 5286 and
528c¢ of the color filters 5264a, 5265 and 526¢ respectively, so
as to complete a semiconductor device 3534.

In accordance with an embodiment, the present disclosure
discloses a semiconductor device. The semiconductor
device includes a substrate, a device layer, an anti-reflective
coating layer, reflective structures, a composite grid struc-
ture, a passivation layer and color filters. The device layer 1s
disposed on the substrate, in which trenches are formed 1n
the device layer and the substrate. The anti-reflective coating
layer conformally covers the device layer, the substrate and
the trenches. The reflective structures are disposed on the
anti-reflective coating layer 1n the trenches respectively. The
composite grid structure overlies the anti-reflective coating
layer and the reflective structures. The composite grid struc-
ture includes cavities passing through the composite grid
structure, and the composite grid structure includes a metal
orid layer and a dielectric grid layer sequentially stacked on




US 9,786,704 B2

15

the reflective structures. The passivation layer conformally
covers the composite grid structure. The color filters respec-
tively fill the cavities.

In accordance with another embodiment, the present
disclosure discloses a method for manufacturing a semicon-
ductor device. In this method, a substrate 1s provided. A
device layer 1s formed on the substrate. Trenches are formed
to extend from the device layer to the substrate. An anti-
reflective coating layer 1s formed to conformally cover the
device layer, the substrate and the trenches. Reflective
structures are formed on the anti-retlective coating layer in
the trenches respectively. A composite structure 1s formed
over the anti-retlective coating layer and the reflective
structures. The operation of forming the composite structure
1s performed to sequentially form a metal layer and a
dielectric layer stacked on the anti-retlective coating layer
and the retlective structures. Cavities are formed in the
composite structure and to pass through the composite
structure, so as to form a composite grid structure. Color
filters are formed to respectively fill the cavities.

In accordance with yet another embodiment, the present
disclosure discloses a method for manufacturing a semicon-
ductor device. In this method, a substrate 1s provided. A
device layer 1s formed on the substrate. Trenches are formed
to extend from the device layer to the substrate. An anti-
reflective coating layer 1s formed to conformally cover the
device layer, the substrate and the trenches. A composite
structure 1s formed on the anti-reflective coating layer. The
operation of forming the composite structure includes form-
ing a metal layer filling the trenches and disposed on the
anti-reflective coating layer, and forming a dielectric layer
stacked on the metal layer. Cavities are formed in the
composite structure and to pass through the composite
structure, so as to form a composite grid structure. The
operation of forming the composite grid structure i1s per-
formed to form the composite grid structure covering the
trenches. A passivation layer 1s formed to conformally cover
the composite grid structure. Color filters are formed to
respectively fill the cavities.

The foregoing outlines features of several embodiments
so that those skilled 1n the art may better understand the
aspects of the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modilying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a substrate;

a device layer disposed on the substrate, wherein a
plurality of trenches are formed 1n the device layer and
the substrate, and the trenches divide the device layer
into a plurality of photoelectric devices;

an anti-retlective coating layer conformally covering the
device layer, the substrate, and the trenches;

a plurality of reflective structures disposed on the anti-
reflective coating layer in the trenches respectively,
wherein the reflective structures separate the photoelec-
tric devices from each other, and the reflective struc-
tures are formed from metal;
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a composite grid structure overlying the anti-reflective
coating layer and the retlective structures, wherein the
composite grid structure comprises a plurality of cavi-
ties passing through the composite grnid structure, and
the composite grid structure comprises a metal grid
layer and a dielectric grid layer sequentially stacked on

the reflective structures;

a passivation layer conformally covering the composite

orid structure; and

a plurality of color filters respectively filling the cavities.

2. The semiconductor device of claim 1, wherein each of
the retlective structures 1s a deep trench 1solation structure.

3. The semiconductor device of claim 2, wherein each of
the retlective structures has a height ranging from 0.1
micrometer to 2.5 micrometer.

4. The semiconductor device of claim 1, wherein the
metal grid layer 1s formed from tungsten or an aluminum-
copper alloy.

5. The semiconductor device of claim 1, wherein the
metal grid layer and the reflective structures are formed from
the same material.

6. The semiconductor device of claim 1, wherein the
metal grid layer directly contacts with the reflective struc-
tures.

7. The semiconductor device of claim 1, further compris-
ing a buller layer disposed on the anti-reflective coating
layer and the reflective structures, and between the anti-
reflective coating layer and the metal grid layer.

8. The semiconductor device of claim 1, further compris-
ing a plurality of micro lenses respectively covering top
surtaces of the color filters.

9. The semiconductor device of claim 1, wheremn top
surtaces of the color filters are elevated at the same level
with a top of the passivation layer.

10. A method for manufacturing a semiconductor device,
the method comprising:

providing a substrate;

forming a device layer on the substrate;

forming a plurality of trenches extending from the device

layer to the substrate to divide the device layer into a
plurality of photoelectric devices;
forming an anti-retlective coating layer contormally cov-
ering the device layer, the substrate, and the trenches;

forming a plurality of reflective structures on the anti-
reflective coating layer in the trenches respectively,
wherein the reflective structures separate the photoelec-
tric devices from each other, and the reflective struc-
tures are formed from metal;

forming a composite structure over the anti-retlective

coating layer and the retlective structures, wherein the
forming the composite structure 1s performed to
sequentially form a metal layer and a dielectric layer
stacked on the anti-reflective coating layer and the
reflective structures:

forming a plurality of cavities 1n the composite structure

and passing through the composite structure, so as to
form a composite grid structure;

forming a passivation layer conformally covering the

composite grid structure; and

forming a plurality of color filters respectively filling the

cavities.

11. The method of claim 10, wherein between the forming
the retlective structures and the forming the composite
structure, the method further comprising forming a builer
layer on the anti-reflective coating layer and the reflective
structures.
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12. The method of claim 10, wherein the forming the
cavities comprises removing a portion of the dielectric layer
and a portion of the metal layer by using one single etching
process.

13. The method of claim 10, wherein after the forming the
color filters, the method further comprising forming a plu-
rality of micro lenses respectively covering top surfaces of
the color filters, wherein the top surfaces of the color filters

are elevated at the same level with a top of the passivation
layer.

14. The method of claim 10, wherein the forming the
reflective structures and the forming the metal layer are
performed by using different deposition processes.

15. The method of claim 10, wherein the color filters are
formed to have top surfaces which are elevated at the same
level with a top of the passivation layer.

16. A method for manufacturing a semiconductor device,
the method comprising:

providing a substrate;

forming a device layer on the substrate;

forming a plurality of trenches extending from the device

layer to the substrate;

forming an anti-reflective coating layer conformally cov-

ering the device layer, the substrate, and the trenches;
forming a composite structure on the anti-retlective coat-
ing layer, wherein the forming the composite structure
comprises forming a metal layer filling the trenches and
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disposed on the anti-reflective coating layer, and form-
ing a dielectric layer stacked on the metal layer;

forming a plurality of cavities 1n the composite structure
and passing through the composite structure, so as to
form a composite grid structure, wherein the forming
the composite grid structure i1s performed to form the
composite grid structure covering the trenches;

forming a passivation layer conformally covering the
composite grid structure; and

forming a plurality of color filters respectively filling the

cavities.

17. The method of claim 16, wherein the forming the
cavities comprises removing a portion of the dielectric layer
and a portion of the metal layer by using one single etching
pProcess.

18. The method of claim 16, wherein the forming the
cavities comprises exposing a portion of the anti-reflective
coating layer.

19. The method of claim 16, wherein the forming the
color filters 1s performed to form the color filters having top
surfaces which are elevated at the same level with a top of
the passivation layer.

20. The method of claim 16, wherein after the forming the
color filters, the method further comprising forming a plu-
rality of micro lenses respectively covering top surfaces of
the color filters.
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